This condition has been known from the seventeenth century but was first described in detail by Von Bechterew in 1893 and by Paul Marie in 1898. Examples of the disease have been seen in Egyptian mummies and Hippocrates may have described the condition. There may also have been a biblical reference as described in Genesis, chapter 19, verse 26: 'But Lot's wife looked back from behind him and became a pillar of salt'.
Many names have been given to the disease -Marie Strumpell arthritis, spondylose rhizomelique, Bechterew's disease, spondylarthritis ankylopoietica, spondylitis deformans, pelvispondylitis ossificans and, in American literature, rheumatoid or rheumatic spondylitis. Until recent years the diagnosis has all too frequently not been made until bony ankylosis was relatively advanced and it must be stressed that early diagnosis, if possible in the pre-ankylosing phase, is essential for the prevention of serious and crippling deformities with progressive bony ankylosis.
At one time there was a tendency to regard ankylosing spondylitis as an atypical form of rheumatoid arthritis but the group of diseases termed the seronegative spondylo-arthritides, which include psoriatic arthritis, Reiter's disease, ulcerative colitis, Crohn's disease, Whipple's disease, Beh9et's syndrome and ankylosing spondylitis, have been shown by Wright & Moll(1973) to have a number of common features. Clinically the prognosis for this group is better than for rheumatoid arthritis and the common features include: (1) Negative tests for rheumatic factor.
(2) Absence of rheumatoid nodules. (3) Sacroiliitis seen radiologically. (4) Asymmetrical peripheral arthritis. (5) A degree of overlap between the various diseases in the group. (6) A tendency to familial aggregation.
The disease is ten times more common in men than in women and there is a strong genetic influence, though by no means a complete form of inheritance. Stecher (1955) is of the opinion that ankylosing spondylitis may be inherited as a single autosomal factor with 70% penetrance in men and 10% in women. In my own series of cases there are several examples of more than one member of the family being affected. This grouping has recently been strengthened by the discovery of an increased incidence of the transplantation antigen HL-A 27 in the condition.
The onset of ankylosing spondylitis is frequently in adolescence although as a rule the diagnosis is not confirmed until some time later. Cases have been recorded at as early an age as 10 years and confusion may occur with adolescent kyphosis or Scheuermann's disease when there is sclerosis around the sacroiliac joints; but the type of involvement, particularly in the dorsal spine, is quite different. In ankylosing spondylitis the initial symptom is usually low back pain, often worse at night, together with characteristic stiffness after sitting or lying. Sciatica occurs in about 10% of the patients but it is not accompanied by other neurological changes. Spinal mobility is limited in all directions, unlike the more free lateral flexion in the disc syndrome, and the normal lumbar lordosis is lost relatively early. With spread to the dorsal region, the costovertebral joints are involved; this results in pain and loss of chest expansion so that ultimately respiration becomes entirely diaphragmatic. In about a quarter of the patients peripheral joints are involved, particularly the hips and shoulders, though more distal joint involvement may occur. Definite kyphosis occurs in about 60% of cases.
Pain and tenderness at the site of tendon insertion, for example in the heels, tuber ischii and .15 715 pelvic brim, may be early features in this disease. Extraosseus complications such as iritis (20 %), nonspecific urethritis, ulcerative colitis (17 %) and psoriatic skin lesions may also occur. The sedimentation rate is frequently raised. The more dangerous accompanying lesions include aortic incompetence and cardiac myopathy, uremia and amyloidosis, and pulmonary changes resembling tuberculosis, so that, if surgical treatment is being considered, a thorough medical assessment is vitally important. Radiologically the emphasis is on the cartilaginous joints where erosion, sclerosis and bony ankylosis may occur, as seen in the sacroiliac, symphysis pubis and sternomanubrial joints. Bony ankylosis occurs in the apophyseal joints and characteristically the' long and short ligamentous attachments ossify, termed by Ball (1971) 'the enthesis'. In the intervertebral discs the outer fibres of the annulus fibrosus ossify; this is preceded by inflammatory fibrosis of the nucleus pulposus and the adjacent vertebral bodies.
When ankylosing spondylitis develops in the lumbar vertebra, the initial changes consist of a loss of outline and calcium density in the anterior surface of the vertebral body, and the concave anterior outline in the lateral radiograph becomes more straight; Romanus (1953) terms this the typical 'square vertebra' of early ankylosing spondylitis. Later calcification and ossification running vertically result in a return to normal bone structure with ankylosis of the intervertebral joints, together with some narrowing of the intervertebral disc spaces, contrary to what was first reported in this disease. In adolescent kyphosis there is also loss of the intervertebral spaces together with fragmentation of the vertebral body epiphyses and growth alteration, but this results in the vertebral bodies becoming wedge-shaped rather than square.
With more efficient diagnosis this condition has been found more frequently in slightly older females, commonly of the athletic type, although care has to be taken not to confuse it with true rheumatoid arthritis of the spine. There are, however, clinical distinctions in the distribution of joint involvement, which is central rather than peripheral, and the progression to complete bony ankylosis with calcification and ossification of the long and short ligaments and annulus fibrosus in the spine makes ankylosing spondylitis contrast markedly with rheumatoid arthritis, apart from biochemical and therapeutic considerations. In the very common presenting symptom-complex of low back pain, with or without sciatic radiation in one or both lower limbs, the possibility of ankylosing spondylitis must not be overlooked. The radiographic appearances of blurring and loss of outline of the sacroiliac joints, followed by sclerosis, usually precedes any obvious clinical or radiographic change in the lumbar spine, and frequently patients do not notice stiffness until the dorsal spine is involved. With cervicodorsal and shoulder girdle involvement, stiffness in conjunction with pain may be noted earlier, together with loss of joint outline seen in the sternoclavicular and acromioclavicular joints. In some cases early changes are also seen in the symphysis pubis.
Early differential diagnosis between ankylosing spondylitis and rheumatoid arthritis is marked by six distinguishing features: (1) Ninety per cent of cases occur in young men. (2) Asymmetrical joint involvement, primarily of the lower extremities, occurs frequently. (3) Restricted chest expansion due to asymptomatic costovertebral involvement is common. (4) X-ray, including tomography, reveals asymptomatic sacroiliac involvement. (5) Rheumatoid factor is negative. (6) Bone scanning with 85Sr and 9"Tcm may be helpful.
In these early stages surgical treatment is not required and it may be possible to control the progress of the disease by X-ray therapy or by the use of phenylbutazone and indomethacin, which may be considered' to be preferable in the female. Mason & Curry (1976) have studied this problem of drug therapy and X-ray therapy and reported that functional improvement is more marked after drug therapy than after radiotherapy; and that radiotherapy tends to become less effective in time whilst drug therapy can be long maintained. The natural course of the disease is uncertain: some cases arrest spontaneously at lower lumbar level involvement, but reactivation, with more pain and stiffness, may occur from time to time; other cases undergo progressive deformity in spite of conservative treatment including plaster bed or plaster jacket immobilization, the wearing of spinal braces or supports, physiotherapy and medication. Further pain and stiffness then become the main indications for surgical intervention. Most frequently this is required in the spine and the hip-joints but occasionally the knees, elbows, shoulders and temporomandibular joints have to be treated surgically, the last named in order to restore jaw movement for eating and talking as well as for anesthetic intubation.
The ankylosed temporomandibular joints are best treated by resection of the condyle of the mandible, which can be carried out through a vertical or T-shaped incision in front of the tragus of the ear, taking care to avoid injury to the branches of the facial nerve and internal maxillary vessels. In bilateral cases, care has to be taken to prevent the tongue-falling back and choking the patient during the postoperative period. It is often surprising how much movement is gained by operating on one side only.
The Spine Rigid kyphosis of the cervical, dorsal and lumbar spine can attain a: severe degree, resulting in difficulty in seeing ahead, and pressure of the costal margin on the upper abdomen, with resultant dyspnoea on exertion and gastroduodenal upset. With fusion of the costovertebral joints, these patients depend entirely on diaphragmatic respiration, and pressure of the rib margin on the upper abdomen may hamper this considerably. In addition, the upper abdomen becomes very restricted, a feature of considerable importance on occasions to the abdominal surgeon. There is also a very real demand for improvement purely from the cosmetic point of view.
Lumbar Osteotomy
The indications for the operation of lumbar spinal osteotomy are: (1) To enable the patient to resume an erect posture. (2) To improve diaphragmatic respiration. (3) To relieve upper abdominal compression by the rib margin. (4) To improve the operation field in the upper abdomen. The operation provides a compensatory lumbar lordosis for rigid thoracolumbar and sometimes lower cervicothoracic kyphosis.
The technique of this operation was described initially by Smith-Petersen (1939) and consists of resecting the ossified ligamenta flava and making oblique cuts across the pedicles from the margin of the theca into the intervertebral foramen on each side. This allows the vertebra above to hinge backwards on the one below without any danger of lateral instability owing to the obliquity of bone section, and so enables the surgeon to rupture the anterior longitudinal ligament whether it be fibrous or ossified. It has not been necessary to divide this ligament at open operation as described by La Chapelle (1946) and it is possible to achieve a correction of more than 50 degrees; but a word of warning must be given in this respect. The widespread and, unfortunately, sometimes haphazard use of cortisone may render the bone so soft that it will easily crush if subjected to much force, so in these cases the smaller correction as originally described by Smith-Petersen et al. (1945) is advisable; if necessary, this can be performed at more than one level in order to obtain an adequate compensatory lumbar lordosis for the severe dorsal kyphosis.
The operation can be performed with the patient in the prone or lateral position on the operating table, my own preference being for the former, and the actual bone break is then performed under manual control. As the spine hinges open, the base of the spinous process above swings on to the remains of the spinous process below and the osteotomy lines are closed, so a very stable position should be achieved. This can be enhanced by internal fixation, using Wilson or Meurig-Williams plates, and re-ankylosis is encouraged by elevating bone flaps from the adjacent lamine and packing in cancellous bone chips obtained from the previously resected bone.
Postoperative immobilization is effected by means of a plaster of paris shell or, if no internal fixation has been used, a plaster jacket including one thigh and a diaphragmatic window. An ambulatory plaster can be applied in three to six weeks and fusion is usually sufficiently sound to allow the fitting of a Robert Jones support in three to four months. This is worn for nine to twelve months, during which time ossification is frequently seen to occur between the vertebral bodies which have been opened up at the osteotomy site.
Cervical Spine Osteotomy
The indications for cervical spinal osteotomy are:
(1) To enable the patient to see ahead by elevating the chin from the sternum. (2) To prevent atlanto-axial subluxation and dislocation, which are liable to result from the weight of the head being carried forward, the result of gradually increasing kyphosis. (3) To relieve tracheal and cesophageal obstruction, which causes dyspnoea and dysphagia. (4) To relieve nerve root traction and spinal cord compression with accompanying lower and upper motor neurone disturbance.
The technique follows the same general pattern as in the lumbar region but the line of bone section is more horizontal, being across the ossified ligamenta flava and fused intervertebral joints, and the level chosen between the third and seventh cervical vertebra is determined by the degree of ossification in the anterior longitudinal ligament. A correction of 20-40 degrees is easily obtained. Internal fixation is again used if possible, and for the immediate postoperative period a posterior plaster shell with head-piece is used, but this can be changed early to a Minerva jacket to allow the patient to become ambulatory in as short a time as a week after operation. A supporting collar is worn from the third or fourth month to a year after operation, taking the weight of the head on the chin while the osteotomy site is becoming fully consolidated.
Complications ofSpinal Osteotomy
(1) Lumbar: In a-personal series of over 130 cases of lumbar spinal osteotomy there have been 10 deaths due to the following causes: cortisone shock or anoxic encephalopathy, 3 cases; spinal cord injury, 3; perforated gastric ulcer, 1; acute gastric erosion, 1; renal failure from amyloid disease, 1 case four months after operation; acute psychosis with spinal cord thrombosis, 1 case four months after operation.
Cortisone shock or possibly cerebral anoxia accounted for 3 deaths, one of which was formerly considered to be due to accidental suffocation. The danger of turning a rigid patient into the prone position on soft pillows is obvious, and on the operating table a head-down position may produce venous congestion with anoxia of the vital centres. At post-mortem in these cases no cause for death has been found and there was no evidence of fat embolism or chest disease.
Spinal cord injury occurred in 2 patientsthe result of soft vascular bone collapsing as the osteotomy correction was being completed, followed by bronchopneumonia after four weeks and eight months respectively. In a third case fracture-dislocation of the cervical spine at the C6-7 level occurred at some stage during the operation. This might have been during the anesthetic intubation, or in transportation, or at the time of hinging the spine for the correction, or while the plaster was applied. In a fourth case an acute psychosis rendered the patient maniacal and he removed his cast and threw himself out of bed. The upper vertebra at the osteotomy site was displaced forwards and thrombosis of the spinal cord vessels resulted in flaccid paralysis, pressure sores and bronchopneumonia, with death four months later.
Acute abdominal complications of perforated ulcer and gastric erosion caused death from peritonitis and severe haematemesis respectively. An ulcer adherent posteriorly may be endangered by a high lumbar osteotomy, so in cases where there are symptoms of gastroduodenal upset prior to operation, appropriate investigations should be carried out.
(2) Cervical: In 25 cases of cervical osteotomy there has been one death for which no cause was found, although the patient was extremely debilitated in the first place and death suddenly occurred three weeks after the operation, possibly due to delayed cortisone shock or anoxic encephalopathy. A second patient died as a result of thrombosis of spinal cord vessels.
In an additional recent case an excessive correction produced tracheal and esophageal pressure effects, necessitating reduction of the correction and temporary tracheostomy.
Nonfatal Complications
Compression of the cauda equina with flaccid paralysis in the lower limbs occurred in one case. This was accompanied by corresponding sensory and bladder disturbance and, after 48 hours, reexploration was performed as the internal fixation was seen to be loose, the bone being somewhat soft for the bolt fixation. More bone was removed at the osteotomy site to relieve any possible pressure there and the dura was opened, but only corygestion with no evidence of damage to the spinal cord was seen. More adequate internal fixation was achieved together with the insertion of iliac bone grafts, and the patient made a slow but steady recovery.
Spinal cord irritation from intrathecal hemorrhage occurred in one case and resulted in spastic paraplegia. This took place at the middorsal level after spinal osteotomy had been performed at the L2-3 level, and was relieved by prompt laminectomy and decompression, although there is some residual lower limb, weakness.
Nerve root traction injury occurred in one case with an 80 degree correction at the L4 level and temporary foot drop resulted; 2 other cases with corrections of over 50 degrees had temporary parnsthesie.
Superior mesenteric thrombosis occurred in one case; fortunately the diagnosis of high intestinal obstruction was made quickly and duodenojejunostomy resulted in complete recovery.
Ileus has been seen in several cases but has always been relieved by medical treatment and the cutting of an upper abdominal window if an encircling plaster cast had been employed.
No serious vascular injury, such as rupture of the aorta, has been reported, but with high lumbar osteotomies upper abdominal complications may be more liable to occur; the possibility of an 'acute abdomen' must not be overlooked if the patient complains of abdominal pain after operation.
In cases of severe deformity the patient's mental as well as physical outlook is often suddenly changed by corrective osteotomy; in the early postoperative period mental instability may be noted and must be treated sympathetically by both medical attendants and relatives. Only one patient has required psychiatric treatment.
Deformity has recurred in 2 cases at the actual site of the osteotomy, probably the result of slow or insufficient bone consolidation and too early change from plaster cast immobilization to a light spinal support. In 2 cases the dorsal kyphosis has continued to increase above the level of the lumbar osteotomy. This gives rise to severe rigid round-back deformity, without loss of the main axis of the spine, as the osteotomy is still providing a compensatory lumbar lordosis. In one of these patients nerve tract irritation has occurred with signs of early spastic paraplegia, so decompression of the cord in the dorsal spine at the apex of deformity may be required.
Recently a patient treated by spinal osteotomy with longstanding success developed a cauda equina lesion, probably due to an arachnoidal cyst. Such lesions are occasionally seen in ankylosing spondylitis, possibly linked with adherence of the theca to the bony overgrowth or as a result of fibrosis and adhesion formation following radiotherapy.
Osteotomy of the dorsal spine has been described by Herbert (1948) but this involves extensive resection of the intervertebral and costovertebral joints and rib ends, and in practice I have found that lumbar and cervical osteotomy have provided adequate compensation for the dorsal deformity. However, in cases of progressive dorsal kyphosis, osteotomy may well be indicated at this level. No marked change in the vital capacity of these patients has been noted after operation.
The Hip-joint in Ankylosing Spondylitis Romanus (1953) stresses the fact that this disease is first and most clearly seen in the sacroiliac joints and then spreads along the spine as a true spondylitis witA a marked tendency to ossification. In nearly all his cases he found a chronic nonspecific urogenital infection which he regards as the main etiological factor and therefore he has called the disease pelvispondylitis ossificans. Similar periosteal changes may occur on the surface of the pelvic bones, such as the symphysis pubis and tuber ischii, as well as in other parts of the body, such as the sternoclavicular and acromioclavicular joints, but the main joint involvement outside the spine is in the hips, which become painful, stiff and deformed and frequently undergo solid bony ankylosis. It would appear that mobile hip-joints lessen the likelihood of operative complications in spinal osteotomy, and correction of a severe flexion deformity of the hips may reduce markedly the degree of correction required in the spine to enable the patient to regain an erect posture.
Bilateral ankylosis of the hips together with a rigid spine severely disables a patient so that mobilizing procedures such as arthroplasty or pseudarthrosis are essential. Deformity can be corrected by osteotomy, but movement is not regained and less reconstructive operations such as synovectomy, muscle release and neurectomy can only play a subsidiary role.
Vitallium mould arthroplasty (Smith-Petersen) has been performed in 33 bilateral cases. For re-ankylosis, revision or supplemental surgery has been required in 10 cases. This has consisted of the excision of bony overgrowth and fibrous capsule around the new joint and changing the size of the acetabulum or vitallium mould together with release of tight fascial and muscle bands such as the psoas, rectus femoris, adductors, tensor fascia and even the muscles attached to the trochanter as in the Voss procedure (Voss 1955) . In order to obtain a good end-result it may be necessary to carry out such reconstructive surgery on more than one occasion and this has proved well worth while. In this respect it must be remembered that most of these patients are relatively young and therefore have a long life ahead of them. Every 10 degrees of movement is of a great value to them. In this series it has been possible to achieve a flexion range of between 25 and 90 degrees with corresponding movement in other directions. This, combined with alleviation of pain and correction of deformity, is certainly a worthy objective.
A frequent type of very disabling hip deformity is flexion/adduction/internal rotation on one side, and flexion/abduction/external rotation on the other. This is aptly termed the 'windswept' deformity and may require different operative procedures on the two sides owing to the severe contracture of the soft tissues.
In 10 patients pseudarthrosis, originally described by Fock in 1861 and practised extensively in this country by Girdlestone (see Girdlestone 1928) , has been performed primarily. In these cases the bone texture of the femoral head or acetabulum was too soft or the surrounding soft tissues too fibrosed and contracted to allow the reasonable chance of an adequate result from formal arthroplasty, and similar results as regards pain, deformity and range of movement have been obtained. Three cases of complete re-ankylosis have occurred and this certainly presents a formidable problem for treatment. A proximal shaft arthroplasty with a vitallium mould has then to be considered.
In 9 patients there has been unilateral hipjoint involvement and arthroplasty has given a greater range of movement, the unaffected joint being a great help in rehabilitation, as has been found in both rheumatoid and osteoarthritic cases.
The use of the femoral head replacement prosthesis, either short or long-stem in type, has been found to be unsuitable owing to the tendency of the soft acetabular bone to protrude inwards from pressure by the hard metallic head. Certainly an acetabular component, as in the McKee or Charnley type of prosthesis, is better in this respect. More recently total hip replacement has been used both primarily or as a conversion after mould arthroplasty. With total hip replacement a satisfactory range of movement, relief of pain, and stability have been achieved in all patients in a small series of 9 cases.
There is still a great deal for us to learn in this problem of ankylosing spondylitis, as regard both etiology and treatment. Some success has been achieved in rendering the lives of these unfortunate patients more* tolerable by earlier and more widespread surgery, and better diagnosis is doing a great deal to prevent severe and disabling deformities; but all too frequently the demand for difficult reconstructive surgery is apparent, and can be dramatically well worth while.
In conclusion, I would like to thank the many colleagues who have so kindly helped me to build up this series of cases, and I would like to pay a tribute to the skill of the anvsthetists, nursing and physiotherapy staffs in their handling of these rigidly deformed patients.
